The scapula fulfils many roles to facilitate optimal function of the shoulder. Normal function of the shoulder joint requires a scapula that can be properly aligned in multiple planes of motion of the upper extremity. Scapular dyskinesis, meaning abnormal motion of the scapula during shoulder movement, is a clinical finding commonly encountered by shoulder surgeons. It is best considered an impairment of optimal shoulder function. As such, it may be the underlying cause or the accompanying result of many forms of shoulder pain and dysfunction. The present review looks at the causes and treatment options for this indicator of shoulder pathology and aims to provide an overview of the management of disorders of the scapula.
Introduction
Normal scapula function is essential for optimal shoulder function in all individuals and, in particular, the overhead throwing athlete. Scapula control and positioning allows for optimal positioning of the humerus in relation to the glenoid transferring power from the core to the distal upper extremity. Abnormalities of scapula function can be seen in many patients. It presents clinically as asymmetry in scapular motion compared to the contralateral side, either in elevation or descent, leading to a disrupted motion.
In a static sense, it may present as a prominence of the scapula or a resting position of protraction compared to the other side. Scapular dyskinesis can be defined as a collective term that refers to movement of the scapula that is dysfunctional and may create a possible impairment of overall shoulder function, although it may also represent the cause of persistent shoulder symptoms or may be the manifestation of underlying structural shoulder pathology in many types of shoulder injury. 1 In this review, we explore contemporary concepts in the understanding and management of scapular dyskinesis from the surgeon's perspective.
Anatomical concepts of the scapula
The scapula is attached to the axial skeleton via the clavicle through the acromioclavicular (AC) and sternoclavicular joints. It has muscular attachments to the posterior aspect of the ribcage via trapezius, rhomboids and serratus anterior. Core strength is transferred via the glenohumeral joint to the arm and hand by optimal coupling of the muscle activations and bony motion. The scapula has relatively limited bony attachments and is therefore dependent on mostly muscle activation for mobility and stability.
Normal movement of the scapula comprises components of three motions: (i) upward/downward rotation around a horizontal axis perpendicular to the plane of the scapula; (ii) internal/external rotation around a vertical axis through the plane of the scapula; and (iii) anterior/posterior tilt around a horizontal axis in the plane of the scapula. The clavicle acts as a strut for the shoulder complex, connecting the scapula to the axial skeleton. Normality of this linkage enables two translations: (i) upward/downward translation on the thoracic wall and (ii) retraction/protraction around the rounded thorax ( Figure 1 ). 2, 3 The coupling of scapular external rotation, posterior tilt, upward rotation and medial translation is called retraction. The coupling of internal rotation, angular tilt, downward rotation and lateral translation is called protraction. The coupling of upward translation, anterior tilt and internal rotation is seen as a shrug. 1 The scapula fulfils important functions in dynamic and static modes. In addition to upward rotation, the scapula is required to tilt posteriorly and externally rotate to clear the acromion from the moving arm in elevation and abduction. In addition, the scapula must be able to internally/externally rotate in a synchronous manner to maintain the glenoid as a congruent socket for the arm in motion, thereby maximizing concavity compression and ball and socket kinematics. The scapula must be dynamically stabilized in a position of retraction during use of the arm to achieve maximal activation of all of the muscles that originate on the scapula. 4, 5 Another important role of the scapula in the normal shoulder is as a link in the proximal to distal sequencing of velocity, energy and forces of shoulder function. In most cases, sequencing begins at ground level and individual body segments are coordinated by muscle activation and body position to generate, summate and transfer forces through these segments to the terminal link. This sequence is termed the kinetic chain. 6 The upper and lower trapezius muscles in addition to the serratus anterior muscles have been shown to be the greatest contributors to scapular stability and mobility ( Figure 2 ). 5, 7 The trapezius and serratus anterior muscles initiate upward rotation and posterior tilt of the scapula. Activation of the lower trapezius muscle plays an important role in the stability of the arm in the overhead position and in descent of the arm from a position of maximum elevation. The rhomboids assist the trapezius in stabilizing the scapula contributing to control of medial and lateral scapular translation. Latissimus dorsi and pectoralis minor, which are both extrinsic shoulder girdle muscles, affect scapular motion in their role as prime movers of the arm. These muscles act mainly as force couples. The appropriate force couples for scapular stabilization include the upper and lower portions of the trapezius muscle working together with the rhomboid muscles, paired with the serratus anterior muscle (Figure 3 ). 8 The appropriate force couples for acromial elevation are the lower trapezius and the serratus muscles working together paired with the upper trapezius and rhomboid muscles. 6 
Scapular dyskinesis
Scapular dyskinesis (alteration of motion) is a term that denotes loss of control of normal scapular motion, physiology or mechanics. Dyskinesis as opposed to dyskinesia is the more accurate terminology because the latter is applied to abnormal active movements mediated by neurological factors (e.g. tardive dyskinesia), whereas dyskinesis is more inclusive, incorporating many other factors that may be causative. 1 Dyskinesis as a finding in the examination of the shoulder may be the result of an injury, although it may also not be related to any form of previous trauma. The clinical characteristics may include prominence of the medial or inferomedial scapular border, early scapular elevation or shrugging on arm elevation and/or rapid downward rotation on lowering of the arm. 9 The efficacy of shoulder function is altered in many ways, with resulting changes in 3D glenohumeral angulation, AC joint strain, subacromial space dimensions, maximal muscle activation and optimal arm position and motion. This may result in augmentation of pre-existing symptoms related to concurrent shoulder pathology or produce new symptoms of pain/discomfort where none existed previously.
There are multiple causes of dyskinesis. Joint-related causes include high-grade AC arthrosis and instability and glenohumeral joint internal derangement. Bony causes include thoracic kyphosis, clavicular fracture non-union and clavicular malunion with shortening, The commonest causative mechanisms of dyskinesis have a soft tissue components, involving either intrinsic muscle pathology or inflexibility or inhibition of normal muscle activation. Decreased flexibility of either the short head of biceps muscle or pectoralis minor have been shown to create anterior tilt and protraction of the scapula as a result of their pull on the coracoid. 10 Periscapular muscle activation alterations may be seen in patients with dyskinesis. Strength and activation of serratus anterior are reduced in cases of impingement and shoulder pain. This can cause a loss of posterior tilt and upward rotation of the scapula leading to scapular dyskinesis. 11 Regardless of the particular cause of dyskinesis, the final result in most cases is a protracted scapula either at rest or with the arm in motion. Protraction is not favourable for optimal shoulder function and results in decreased subacromial space with increased symptoms of impingement and increased extrinsic rotator cuff compression. Rotator cuff strength can also be decreased. 4, 5 Protraction can also lead to an increase in strain of the anterior glenohumeral ligaments and a greater risk of internal impingement. 12 Figure 3 . Force couples for scapula motion: in early elevation (a, b), the upper and lower trapezius and serratus anterior muscles have long lever arms, being effective rotators and stabilizers. With higher arm elevation (c), the upper trapezius moment arm is shorter, whereas the lower trapezius and serratus anterior moment arms remain long, continuing to rotate the scapula. With maximum arm elevation (d), the lower trapezius maintains scapula position and the instant centre of rotation moves from the medial border of the spine to the acromioclavicular joint (adapted from Bagg SD, Forrest W). 8 Scapular dyskinesis and specific shoulder injuries Labral injury. Scapular dyskinesis has a high association with labral injury. 13 The altered position and motion of internal rotation and anterior tilt changes GH alignment, placing increased tensile strain on the anterior ligaments, increasing 'peel-back' of the biceps/labral complex on the glenoid, and creating pathological internal impingement. These effects are magnified in the presence of glenohumeral internal rotation deficit, which creates increased protraction as a result of 'windup' of the tight posterior structures in follow-through. The demonstration of dyskinesis in patients with suspected labral injury provides a key component of rehabilitation protocols. Correction of the symptoms of pain found in the modified dynamic labral shear test 14 can be frequently demonstrated by the addition of manual scapular retraction. This indicates the presence of dyskinesis as part of the pathophysiology and the need for scapular rehabilitation to improve scapular retraction, including mobilization of tight anterior muscles and institution of the scapular stability series of strengthening exercises.
Impingement. Impingement is frequently seen in throwing athletes. Most commonly in this group, impingement is secondary to other pathology such as instability, labral injury or biceps pathology. Scapular dyskinesis is associated with impingement by altering the scapular position at rest and upon dynamic motion. Scapular dyskinesis in impingement is characterized by loss of acromial upward rotation, excessive scapular internal rotation and excessive scapular anterior tilt. 15, 16 These positions create scapular protraction, which decreases the subacromial space and decreases demonstrated rotator cuff strength. 4, 17 Activation sequencing patterns and strength of the muscles that stabilize the scapula are altered in patients with impingement and scapular dyskinesis. Increased upper trapezius activity, imbalance of upper trapezius/lower trapezius activation, such that the lower trapezius activates later than normal, and decreased serratus anterior activation have been reported in patients with impingement. 15 Increased upper trapezius activity is clinically observed as a shrug manoeuvre, resulting in a variation of the scapular dyskinesis pattern. This causes impingement as a result of a lack of acromial elevation. Frequently, lower trapezius activation is inhibited or delayed, creating impingement because of loss of acromial elevation and posterior tilt. Serratus anterior activation has been shown to be decreased in patients with impingement, creating a lack of scapular external rotation and elevation with arm elevation.
The pectoralis minor has been shown to be shortened in length in patients with impingement.
This tight muscle creates a position of scapular protraction at rest and does not allow scapular posterior tilt or external rotation upon arm motion, predisposing patients to impingement symptoms.
Rotator cuff injury. The rotator cuff is frequently clinically involved in throwers with shoulder symptoms and symptoms can be exacerbated by dyskinesis. The dyskinetic position that results in an internally rotated and anteriorly tilted glenoid increases the internal impingement on the posterior superior glenoid with arm external rotation and increases the torsional twisting of the rotator cuff, which may create the undersurface rotator cuff injuries seen in throwers. 12 In addition, positions of scapular protraction have been shown to be limiting to the development of maximal rotator cuff strength. Recent work in laboratory models of rotator cuff disease has shown that surgically induced scapular dyskinesis results in changes in cell morphology, gene expression and tendon characteristics that are similar to those seen in rotator cuff tendinopathy. 18 AC joint injuries. AC joint injuries are rare in throwing athletes except American football quarterbacks, although they can create major functional deficits as a result of the disruption of the important AC linkage. Dyskinesis is found in a high percentage of patients with high-grade AC symptoms. 19 AC separations lessen and high-grade AC separations remove the strut function of the clavicle on the scapula. Loss of the strut function permits the 'third translation' of the scapula, allowing it to move inferior and medial to the clavicle, changing the biomechanical screw axis of scapulohumeral rhythm, allowing excessive scapular internal rotation and protraction and decreased dynamic acromial elevation when the arm is elevated. Iatrogenic AC joint injury as a result of excessive distal clavicle resection and detachment of the AC ligaments shortens the bony strut and allows excessive scapular internal rotation as a result of excessive anterior/posterior motion at the AC joint. The protracted scapular position creates many of the dysfunctional problems associated with chronic AC separations, including impingement and decreased demonstrated rotator cuff strength. However, scapular and shoulder dysfunction can also occur in type II injuries if the AC ligaments are torn. This creates an anterior/posterior AC joint laxity and can be associated with symptoms of pain, clicking, decreased arm elevation and decreased shoulder function.
If dyskinesis is demonstrated on the clinical examination, then increased attention should be directed toward correcting the biomechanical abnormality rather than just placing the arm in a sling. Treatment should include not only CC ligament reconstruction, but also AC ligament reconstruction to completely restore the screw axis mechanism.
Clavicle fractures. Clavicle fractures may produce dyskinesis if the anatomy is not completely restored. The dyskinesis can be associated with alterations in shoulder function such as decreased strength and decreased arm motion in elevation. 20 Shortened malunions or nonunions decrease the length of the strut, and alter the scapular position towards internal rotation and anterior tilt. In addition to changes in length, changes in clavicle curvature or rotation will affect scapular position or motion. Angulated fractures result in functional shortening and loss of rotation. The distal fragment in midshaft fractures often internally rotates, decreasing the obligatory clavicle posterior rotation and scapular posterior tilt during arm elevation. Dyskinesis can be a clinical sign of potentially harmful alteration of clavicle anatomy, and can provide information to clarify indications for operative treatment in these fractures.
Clinical examination of the scapula
Evaluation of the scapula should be carried out as a routine component of the shoulder examination. To detect scapular dyskinesis, clinical observation is used to determine whether winging of the inferior or medial borders of the scapula is present. Assessment for scapular prominence because of lift off from the thoracic wall is carried out in addition to detection of the lack of a smooth coordinated movement of the scapula during forward flexion, shrugging or arm lowering from a position of full flexion. The motion can then be characterized as dyskinesis as a 'yes' (presence of deviation or dysrhythmia/asymmetry bilaterally or 'no' (no presence). This scoring system has proven interobserver reliability and clinical utility. 21, 22 A number of clinical tests have been devised that employ dynamic corrective manoeuvres to assess the effect of correction of dyskinesis on shoulder symptoms. The scapular assistance test (SAT) and scapular retraction test (SRT) help evaluate the degree to which scapular dyskinesis, when corrected, may alter the patient's symptoms. The SAT evaluates scapular contributions to impingement and rotator cuff strength whereas the SRT can be used for evaluation in cases of labral symptoms and rotator cuff strength.
To correctly carry out the SAT, assistance for scapular elevation is provided by manually stabilizing the scapula and rotating the inferior border of the scapula as the arm moves (Figure 4 ). This procedure simulates the force-couple activity of the serratus anterior and lower trapezius muscles. 23 If symptoms of impingement are diminished or eliminated by this manoeuvre, then rehabilitation of the scapular stabilizing muscles is likely to help alleviate these symptoms.
The SRT involves manually stabilizing the scapula in a retracted position on the thorax. This position confers a stable base of origin for the rotator cuff and often will improve tested rotator cuff strength. This test frequently demonstrates scapular and glenoid involvement in impingement lesions (Figures 5 and 6 ). 23 Quantitative assessment of scapular stabilizer strength can be achieved by the lateral scapular slide test (Figure 7) . 6 This test is semi-dynamic and evaluates three different positions of the scapula on injured and non-injured sides in relation to a fixed point on the spine as varying amounts of loads are put on the supporting musculature. These positions offer a graded challenge to the functioning of the shoulder muscles to stabilize the scapula. The first position is with the arms by the side. The inferomedial angle of the scapula is palpated and marked on both the injured and noninjured sides. The measurements from a fixed reference point are recorded. The second position is with the hands on the hips, the fingers anterior and the thumb posterior with approximately 10 of shoulder extension. The new position of the inferomedial border of the scapula is marked, and the reference point on the spine is maintained. The distances are calculated on both sides. A similar process is carried out for the third position. The arms are held at or below 90 of forward elevation with maximal internal rotation at the glenohumeral joint. The threshold of abnormality is 1.5 cm and significant asymmetry is most commonly measured in the third position.
An essential part of scapula examination is evaluation of the shoulder pathology or injury that could be causative of or exacerbated by the concurrent presence of scapula dyskinesis. Rotator cuff integrity, labral stability and internal impingement should be sought because they may represent the underlying cause of the dyskinesis.
Investigation and treatment of scapular dyskinesis
Investigations should be directed toward confirming an underlying diagnosis. Nerve conduction studies may be of value if a specific traumatic precipitant causes injury to the long thoracic nerve, dorsal scapular nerve or spinal accessory nerve. Electromyography studies can help identify injury and the potential for recovery in periscapular muscles. X-rays can help identify clavicle or AC joint injury. Magnetic resonance imaging can help delineate muscle injury, whereas MR arthrograms can identify associated labral pathology.
The mainstay of treatment for the scapular dyskinesis is physical therapy to relieve the symptoms associated with inflexibility or trigger points and to re-establish muscle strength and activation patterns. 6, 23 Dyskinesis can often be caused by muscle inhibition created by soft tissue related pathology such as labral injury, internal impingement or rotator cuff pathology or hard tissue injury such as clavicle fractures and AC separations. In these instances, the surgical problem should be addressed prior to commencing physical therapy to correct the dyskinesis.
Rehabilitation for scapular dyskinesis should start proximally and end distally. The ultimate goal of physical therapy is to achieve the position of optimal scapular function (i.e. posterior tilt, external rotation and upward elevation). Core stability exercises can help improve 3D control of scapular motion and this is achieved through an integrated rehabilitation regimen in which the larger muscles of the lower extremity and trunk are utilized during the treatment of the scapula and shoulder. Scapular protraction and retraction are facilitated by hip and trunk flexion and extension exercises.
Once core stability has been established, a focus on the scapular controlling muscles can be initiated. The serratus anterior muscle acts as a powerful external rotator of the scapula, whereas the lower trapezius acts as a stabilizer of the acquired scapular position. Re-education of these muscles to act as dynamic stabilizers of the scapula is achieved by employing short lever, kinetic chain assisted exercises and finally long lever movements. 2 This process may take at least 6 months and appropriate patient counselling to ensure realistic expectations is essential in the management of these cases. After achievement of adequate scapular control and retraction, other issues such as rotator cuff strength optimization or internal impingement can then be addressed. The sequence of rehabilitation exercises may need to be adapted for individual cases based on the rate of progress at each specific stage.
Future directions
Although scapular dyskinesis is a proven clinical entity that can be responsible for shoulder pathology in many cases, there are still a number of unanswered questions that require further clarification. Dyskinesis seen in association with rotator cuff tears was identified as a factor related to lower functional scores. 25 It remains unclear whether scapular dyskinesis is a cause, effect or compensation for rotator cuff pathology.
Summary
Scapular dyskinesis is a relatively new concept in the assessment of shoulder pathology. It is likely to be a major contributor to shoulder pain, particularly in cases of recalcitrant shoulder pain and dysfunction. Increasing evidence shows that the condition is eminently treatable in the majority of cases and can improve with physiotherapy rehabilitation. It is advisable that this condition is recognized as a constituent of the routine shoulder examination for shoulder surgeons.
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